A 39-year-old primiparous Japanese female was admitted to the obstetrical emergency department of our hospital because of respiratory distress resulting from a large amount of pleural effusion, soon after a caesarean delivery (CD) at another hospital. While she was undergoing the CD, a giant ovarian tumour was identified. However, the tumour could not be removed at that facility and she was transferred to our hospital. Three days after the CD, a left salpingo-oophorectomy was performed with the purpose of controlling pleural and peritoneal effusions. Based on her past treatment history and the information gathered from this
Introduction
Ovarian cancers diagnosed during pregnancy are very rare [1] . Most cases are detected in the first trimester of pregnancy due to the widespread early-stage use of ultrasound [2, 3] , and therefore, most obstetricians do not usually encounter pregnant patients with advanced recurrent ovarian cancer. There are sometimes delays in responding to symptoms, especially on sudden examination during the third trimester of pregnancy, unless the possibility of presence of ovarian cancer is assumed. Because of its rarity, little is known about metastasis of advanced ovarian cancer during pregnancy. Furthermore, placental metastasis is extremely rare and its management remains unresolved. Here, we present a pregnant patient diagnosed accidentally with recurrence of advanced ovarian cancer in our obstetrical emergency department.
Case Report
A 39-year-old primiparous Japanese female was transferred to the obstetrical emergency department of our hospital for the management of respiratory distress after a caesarean delivery (CD), performed at another hospital. In that hospital, an emergency CD was performed because of non-reassuring foetal status after premature rupture of the membranes in the 36th week of pregnancy. During CD, a giant tumour and approximately 2.5 L of ascites were detected in the patient's upper abdomen. However, this situation could not be controlled in that hospital and the patient along with her baby was transferred to our hospital. This ovarian tumour could not be detected by the physician before CD, as the patient had suddenly visited that hospital in the 31st week of pregnancy without a referral.
Laboratory findings upon admission to our hospital were as follows: haemoglobin levels of 7.3 g/dL, lactate dehydrogenase levels of 1,633 IU/L, carcinoembryonic antigen levels of 3,100 ng/mL, and carbohydrate antigen 125 levels of 271 U/mL. A contrast-enhanced computed tomography scan indicated the presence of a 24-cm ovarian tumour with a large amount of pleural and peritoneal effusion ( Fig. 1a-c ).
On referring to information about her past treatment history, obtained later from the earlier hospital, recurrence of the ovarian cancer was diagnosed. At the age of 37 years, the patient had undergone a salpingo-oophorectomy for an ovarian tumour on the right side.
Although there were no signs of invasion and dissemination outside the right ovary, as the capsule of the tumour was ruptured during the resection, the pathological diagnosis was adenocarcinoma stage IC (b), pT1c (b) NxMx, arising from the mature cystic teratoma ( Fig.  2a, b ). The patient refused further surgery and adjuvant chemotherapy, and subsequently dropped out from follow-up. One year later, she became pregnant and began regularly visiting the nearby obstetric clinic. During the 28th week of pregnancy, on ultrasonography, a 15cm mass was detected in her abdomen. Although recurrence of the ovarian cancer was suspected, the patient refused to revisit the hospital where she had been previously treated for cancer. She also stopped visiting the obstetric clinic and presented to the hospital where the CD was performed, without a referral.
At our hospital, on the third day after the CD, a left salpingo-oophorectomy was performed in order to control the pleural and peritoneal effusions. The left ovarian tumour measured 27 × 25 cm and weighed 2,591 g ( Fig. 3a ). Histological examinations indicated a poorly differentiated adenocarcinoma whose characteristics were similar to those of the right ovarian tumour resected 2 years previously (Fig. 3b ). In addition, gross examination of the placenta revealed a white nodule measuring 1 × 1 cm (Fig. 3c ), and microscopic examinations confirmed clusters of cancer cells with characteristics similar to the ovarian tumours. However, invasion into the chorionic villi was not detected (Fig. 3d ). The final diagnosis was recurrence of adenocarcinoma arising from the mature cystic teratoma of the ovary, involving multiple sites including the placenta. On the 19th day after the CD, the patient and her infant were discharged from our hospital.
The patient refused adjuvant chemotherapy and died 3 months after delivery. The infant was a 1,970-g girl, and the Apgar scores recorded were 8 and 8 at 1 and 5 min, respectively. Physical examination at the time of birth and up to the age of 6 years showed no signs of metastasis in the child.
Discussion
Although the patient outcome was unfavourable with a survival time of only 3 months after delivery, the infant showed no signs of metastasis. These findings are consistent with two previous reports of ovarian cancer concerning placental metastasis, as summarized in Table 1 [4] [5] [6] . In a previous report, 93% of mothers with tumours involving the products of conception, i.e., placenta and foetus, died immediately after delivery [7] .
We would like to emphasize that our case involved a pregnant patient who had recurrent ovarian cancer, and most such cases should be treated with hysterectomy and bilateral salpingo-oophorectomy. In addition, we confirm that there was no metastasis detected in her child over a 6-year follow-up period. We suggest that these two arguments supplement the existing findings concerning such cases.
The infant did not receive any metastases from the ovarian cancer of the mother. Although uteroplacental blood flow represents 10% of maternal cardiac output, it has been suggested that metastatic transmission of maternal tumours to the products of conception is extremely rare, possibly due to the trophoblasts-containing placental barrier and the immune system of the foetus [7, 8] . During the last decade, four review articles have covered this topic, in which approximately 100 cases have been reported [9] [10] [11] [12] .
Metastatic transmission to the placenta and foetus is most frequently observed in patients with melanoma (30%), breast cancer (24%), lung cancer (24%), and leukaemia and lymphoma (15%) [7] . Frequency of fatal metastasis involvement is lower than that of placental metastasis, and a total of 17 cases have been reported as follows: melanoma (35%), leukaemia (17%), lymphoma (17%), and lung cancer (17%). No cases of ovarian cancer with fatal metastasis have been reported, and this may be related to the frequency of tumours diagnosed during pregnancy; the most common malignant tumours detected during pregnancy are breast cancer, cervical cancer, haematological malignancies, melanoma, and lung cancer [4] . Metastases to the products of conception occur via blood vessels and are found in case of tumours whose spread pattern is predominantly haematogenous. As ovarian cancer spreads predominantly via peritoneal dissemination, it seldom metastasizes to the products of conception [3] . However, based on our findings along with two previous cases, advanced ovarian cancer involving multiple organs or having poorly differentiated histology may be likely to metastasize to the products of conception.
Metastasis of a tumour to the foetus is not always obvious at birth. Vertical transmission of a maternal tumour typically becomes apparent 4-5 months after delivery, ranging from birth to 20 months after delivery [8] . We were able to confirm that the infant had no signs of metastasis up to 6 years after birth. There is no routine of following up infants born to parents diagnosed with ovarian cancer involving the placenta, and therefore, it is recommended to assess the status of the offsprings for a minimum of 24 months postnatally [12] .
In conclusion, this is a very rare case of recurrent ovarian cancer in a pregnant woman with no planned treatment until delivery. Metastasis to the products of conception with respect to ovarian cancer is relatively uncommon. However, when left untreated, ovarian cancer can metastasize to the placenta. We recommend evaluating the placenta from mothers diagnosed with ovarian cancer. Thus, detailed medical interviews and physical examinations are crucial when a pregnant woman visits a hospital without a referral letter, especially in the third trimester of pregnancy. Pathological findings of the right ovary resected at the age of 37. a Tumour cells (arrow with black line) arising from a mature cystic teratoma (arrow with dashed line) (haematoxylin-eosin stain, magnification ×4). b The tumour was mainly composed of a well-differentiated type of adenocarcinoma (arrow with solid line in a), while a poorly differentiated type of the cells (i.e., signet-ring cells) was observed (haematoxylin-eosin stain, magnification ×20; inset: magnification ×40). Fig. 3 . a Macroscopic findings of the left ovary resected at our hospital. b Pathological findings of the left ovary resected at our hospital. The left ovarian tumour was composed of poorly differentiated adenocarcinoma, the characteristics of which were identical to those observed in the previously resected right ovarian tumour (magnification ×20). c Macroscopic findings of the placenta. A white nodule measuring 1 × 1 cm was observed in the specimen. d Pathological findings of placenta. Characteristics and appearance of cancer cells observed in the placenta were similar to those observed in the ovarian tumours (magnification ×40). 
